The authors assessed individual, social, and school correlates of multiple chronic disease behavioral risk factors (physical inactivity, sedentary behavior, tobacco smoking, alcohol drinking, and high body mass index) in a representative sample of Canadian youth aged 10-15 years (mean ¼ 12.5 years) attending public schools. Crosssectional data (n ¼ 1,747) from cycle 4 (2000-2001) of the National Longitudinal Survey of Children and Youth were used. Ordinal regression models were constructed to investigate associations between selected covariates and multiple behavioral risk-factor levels (0/1, 2, 3, or 4/5 risk factors). Older age (odds ratio (OR) ¼ 1.95, 95% confidence interval (CI): 1.21, 3.13), caregiver smoking (OR ¼ 1.49, 95% CI: 1.09, 2.03), reporting that most/all of one's peers smoked (OR ¼ 7.31, 95% CI: 4.00, 13.35) or drank alcohol (OR ¼ 3.77, 95% CI: 2.18, 6.53), and living in a lone-parent family (OR ¼ 1.94, 95% CI: 1.31, 2.88) increased the likelihood of having multiple behavioral risk factors. Youth with high self-esteem (OR ¼ 0.92, 95% CI: 0.85, 0.99) and youth from families with postsecondary education (OR ¼ 0.58, 95% CI: 0.41, 0.82) were less likely to have a higher number of risk factors. Although several individual and social characteristics were associated with multiple behavioral risk factors, no school-related correlates emerged. These variables should be considered when planning prevention programs. adolescent; child; chronic disease; health behavior; risk factors Abbreviations: CI, confidence interval; HBSC, Health Behavior in School-aged Children; NLSCY, National Longitudinal Survey of Children and Youth; OR, odds ratio; PMK, person most knowledgeable.
Modifiable lifestyle risk factors, including tobacco smoking, alcohol drinking, physical inactivity, and overweight, are major contributors to the development of chronic diseases such as cardiovascular disease, cancer, and type 2 diabetes (1) . Though chronic conditions manifest in adulthood, their precursors are often established earlier in life (2) . Indeed, childhood and adolescence are critical periods when youth begin to experiment with or engage in unhealthy behaviors, including tobacco smoking, alcohol drinking, and physical inactivity, which often persist into adulthood (3, 4) . There is also increasing evidence that many youth engage in multiple risky behaviors (5) (6) (7) (8) . This is of special concern because the risk of adverse health outcomes increases with increasing number of unhealthy behaviors (9) . Furthermore, the occurrence of 2 or more behavioral risk factors reduces life expectancy considerably (10) .
The observed increase in harmful health effects associated with multiple behavioral risk factors has led to the emergence of several studies investigating their occurrence and distribution among different populations (8, (11) (12) (13) (14) . Despite this rising concern, only a few investigators have studied potential correlates of multiple behavioral risk factors, especially among youth (5, 6, 15) . Most of these reports have focused on sociodemographic characteristics of youth, with those having multiple risk factors more often being older (6, 7) and living in lone-parent (15) and low-income (5) families. However, socioecologic theories postulate that influences external to the child, such as characteristics of the social and school environment, play important roles in constraining or facilitating behaviors (16) . Although relations between single behavioral risk factors and social characteristics-such as parents' and peers' health-related behaviors (17) (18) (19) and school characteristics (20) and policies (21)-have been documented, few reports have examined the associations between individual, social, and school characteristics and multiple behavioral risk factors in youth. Identifying characteristics of youth with multiple behavioral risk factors could lead to more targeted prevention programs. Hence, we aimed to identify correlates of multiple chronic disease behavioral risk factors in a representative sample of Canadian youth aged 10-15 years who attended public schools.
MATERIALS AND METHODS

Study population
The study population was drawn from the second release (December 2004) of data from cycle 4 (2000-2001) of the National Longitudinal Survey of Children and Youth (NLSCY). The NLSCY is a large, nationally representative survey of Canadian youth that follows their development and well-being from birth to adulthood. The NLSCY uses a stratified, multistage probability sample design based on an area frame (22) . Of 2,826 eligible youth aged 10-15 years, analyses were based on 1,747 subjects with complete data on selected lifestyle variables and covariates. Table 1 shows the characteristics of youth included in the study population and of those excluded because of incomplete data. This study was approved by the Ethics Committee on Research on Human Subjects of the Faculty of Medicine of the University of Montreal.
Data collection
Data were collected for 2 main settings: the household and the school. In the household component, the person most knowledgeable (PMK) about the young person, most often the mother, completed both a parent questionnaire and a child questionnaire. The parent questionnaire gathered information on family socioeconomic status and PMK adverse health behaviors, while the child questionnaire gathered information about the child's social relations, as well as height and weight (for children below age 12 years). For adolescents aged 12 years or more, information regarding youth behaviors and social relations, as well as height and weight, was assessed through an age-specific self-administered youth questionnaire completed at home. The school component consisted of a questionnaire for the teacher and a questionnaire for the school principal that collected information about the school environment and resources.
Measures
Risk factors. Physical inactivity was measured using 2 closed questions adapted from the World Health Organization Health Behavior in School-aged Children (HBSC) survey: 1) ''During the past 12 months, how often have you played sports or done physical activities without a coach or an instructor (biking, skateboarding, etc.)?''; 2) ''During the past 12 months, how often have you played sports with a coach or an instructor, other than gym class (swimming lessons, baseball, hockey, etc.)?'' (23) . Response choices included ''never,'' ''less than once a week,'' ''1 to 3 times a week'' and ''4 or more times a week.'' Because the Canadian Physical Activity Guide for Children and Youth (24) recommends daily participation in physical activities, we defined physical inactivity as engaging in organized/unorganized activities fewer than 4 times per week. The physical activity questions have been validated by means of the Multistage Fitness Test (25) , a field measure of aerobic fitness, and have been shown to have acceptable validity. The intraclass correlation coefficient for the reliability of this measure was 0.74 in the targeted age group (26) .
Sedentary behavior was measured using a closed question from the HBSC survey: ''On average, about how many hours a day do you watch television or videos?'' (23) . Because the American Academy of Pediatrics guidelines recommend limiting screen viewing to 2 hours per day or less (27) , we defined sedentary behavior as watching television or videos for more than 2 hours per day. The sedentary behavior measure has been validated using a 7-day television viewing diary. Spearman correlation coefficients ranged from 0.36 to 0.54 (28) . Test-retest intraclass correlation scores for the reliability of this measure ranged from 0.76 to 0.81 in the targeted age group (23, 28) .
Ever smoking was assessed by means of a closed question from the HBSC survey asking youth about their past experience with cigarette smoking (23) . We used Health Canada's definition of ever smoking-that is, having ever tried a cigarette, even a few puffs (29) . The original measures of cigarette smoking were previously tested and validated in the targeted age group (23, 30) .
Ever drinking was measured by means of a closed question from the HBSC survey inquiring about past experience with alcohol consumption (23) . Ever drinking was defined as ever having had at least 1 alcoholic drink (31) . The original questions on alcohol drinking were previously piloted and validated (23, 30) .
High body mass index (weight (kg)/height (m) 2 ) was defined as being overweight or obese, according to Cole et al.'s (32) international age-and sex-specific body mass index cutoffs for children and adolescents, corresponding to body mass indices of 25 and 30, respectively, at age 18 years.
Independent variables. The independent variables considered in this study were selected from the literature on single and multiple behavioral risk factors and are presented in 3 categories.
Individual characteristics included sex, age (10-11, 12-13, or 14-15 years), anxiety, self-esteem, and academic performance.
Anxiety was measured using 7 questions from the Ontario Child Health Study assessing degree of nervousness, anxiety, and depression (33) . Based on the responses, a global score ranging from 0 to 14 was calculated, with higher scores indicating the presence of greater anxiety. This measure has been validated through factor analyses and has been shown to have good construct validity. Its reliability was also satisfactory (Cronbach's a ¼ 0.76) in the NLSCY (22) .
Self-esteem was measured using 4 items from the General Self-Scale of the Marsh Self-Description Questionnaire (34) . Each item was rated on a 5-point scale ranging from 1 (false) to 5 (true). A global score ranging from 0 to 16 was computed, with higher scores indicating positive selfesteem. This measure has been shown to have high convergent validity (factor intercorrelation ¼ 0.76) (35) . Its reliability was also satisfactory (Cronbach's a ¼ 0.73) in the NLSCY (22) .
Academic performance was assessed using a closed question: ''How well do you think you are doing in your school b P value from a chi-squared test or t test. All tests were 2-sided. c Anxiety was assessed using a global score ranging from 0 to 14, with higher scores indicating the presence of greater anxiety.
d Self-esteem was assessed using a global score ranging from 0 to 16, with higher scores indicating positive self-esteem.
e The parent-child relationship was assessed using a global score ranging from 0 to 28, with higher scores indicating a better relationship between parents and child.
f Peer-child relationships were assessed using a global score ranging from 0 to 16, with higher scores indicating a better relationship between the child and his/her peers.
g Supportive environment was assessed using a global score ranging from 0 to 20, with a higher score indicating a highly supportive school environment.
h Disciplinary climate was assessed using a global score ranging from 0 to 16, with a higher score indicating the presence of a strong disciplinary climate in the school.
work?'' (22) . Response choices included ''very well,'' ''well,'' ''average,'' ''poor,'' and ''very poor.'' In the analyses, the response categories ''poor'' and ''very poor'' were combined to ensure adequate cell sizes.
Social characteristics included family structure (2 parents, 1 parent); highest level of education attained by the PMK or the spouse (if applicable), defined as high school or less, some postsecondary education, or a postsecondary degree (36, 37) ; total annual household income (<Can$30,000, Can$30,000-59,999, Can$60,000-89,999, or Can$90,000) (38); PMK smoking status; PMK drinking status; quality of the parent-child relationship; peer smoking; peer drinking; and quality of peer-child relationships.
PMK smoking status was assessed using a closed question: ''At the present time, do you smoke cigarettes daily, occasionally, or not at all?'' (22) . Subjects reporting that they smoked ''daily'' or ''occasionally'' were considered smokers. PMK drinking status was also determined using a closed question: ''During the past 12 months, how often did you drink beer, wine, liquor, or any other alcoholic beverage?'' (22) . Subjects reporting that they consumed alcohol at least once a week or more often were considered drinkers (39).
The parent-child relationship was assessed using 7 questions from the Western Australia Child Health Survey evaluating the child's perception of the parents' degree of attention, appreciation, and affection (22) . A global score ranging from 0 to 28 was computed, with higher scores indicating better parent-child relationships. The reliability of this scale was excellent (Cronbach's a ¼ 0.88) in the NLSCY (22) .
Peer smoking and peer drinking were assessed using 2 closed questions: ''How many of your close friends smoke cigarettes?'' and ''How many of your close friends drink alcohol?'' (22) . Response choices included ''none,'' ''a few,'' ''most,'' and ''all.'' In the analyses, the response categories ''most'' and ''all'' were combined to ensure adequate cell sizes.
Peer-child relationships were assessed using 4 items from the Ontario Child Health Study evaluating how well the child feels he/she gets along with his/her peers (33) . A global score ranging from 0 to 16 was computed, with higher scores indicating better relationships with peers. The reliability of this scale was satisfactory (Cronbach's a ¼ 0.78) in the NLSCY (22) .
School characteristics included type of school (public religious, public nonreligious), supportive environment, disciplinary climate, pupils' level of cooperation, and pupils' understanding of school rules.
The presence of a supportive school environment was assessed using a scale constructed from 5 questions that measured the level of positive feedback provided to students and teachers. The internal consistency of this measure was excellent (Cronbach's a ¼ 0.91) in the NLSCY (22) . A total score ranging from 0 to 20 was computed, with a high score indicating a highly supportive school environment.
The disciplinary climate in the school was determined using a disciplinary climate scale consisting of 4 questions that evaluated the extent of disciplinary policies in the school. A global score ranging from 0 to 16 was computed, with a high score indicating the presence of a strong disciplinary climate in the school. The reliability of this measure was satisfactory (Cronbach's a ¼ 0.81) in the NLSCY (22) .
Pupils' level of cooperation was measured using a closed question assessing how well students worked together in group activities. Response choices included ''never,'' ''rarely,'' ''sometimes,'' ''often,'' and ''always.'' In the analyses, the first 2 response categories were combined to ensure adequate cell sizes.
Pupils' understanding of school rules was measured with a closed question assessing the extent to which teachers agreed or disagreed that students understood school rules. Response choices included ''strongly disagree,'' ''disagree,'' ''neither agree nor disagree,'' ''agree,'' and ''strongly agree.'' In the analyses, the first 2 response categories were combined to ensure adequate cell sizes.
Statistical analyses
Descriptive statistics were used to characterize the sample and determine the prevalence of behavioral risk factors. Each risk factor was coded as a binary variable (yes ¼ 1, no ¼ 0). We then created a multiple risk factor index by summing individual risk factor scores; the index ranged from 0 to 5 (0 ¼ no risk factors, 5 ¼ all 5 risk factors). The multiple risk factor index was further stratified into 4 levels based on the overall sample distribution: level I, 0 or 1 risk factor; level II, 2 risk factors; level III, 3 risk factors; and level IV, 4 or 5 risk factors (40) . Differences in individual, social, and school characteristics between the behavioral risk factor levels were tested using the chi-squared test and analysis of variance. All variables significant at P 0.20 were included in the multivariate analyses. Stepwise ordinal logistic regression modeling was used to assess the associations between significant independent variables, as described above, and levels I-IV of the behavioral risk factors. To test the possibilities of interaction by sex and age, we included interaction terms in the models. All variables initially not retained in the multivariate analyses (i.e., P > 0.20) were also entered one by one into regression models to identify possible confounders. The results of models with and without possible confounders were the same. Our final multivariate model included adjustment for all potential covariates (i.e., individual, social, and school variables). We tested the proportional odds assumption using the score test and found it to be nonsignificant, indicating that the regression model was appropriate for the data.
As per Statistics Canada's guidelines, sampling weights and bootstrap weights were used in all analyses to adjust for sample selection and nonresponse (22) . All statistical tests were 2-sided, and the analyses were performed using SAS, version 9.1 (SAS Institute Inc., Cary, North Carolina), and SUDAAN, version 9.01 (RTI International, Research Triangle Park, North Carolina).
RESULTS
Study population
A comparison of youth in the study population and those who were excluded because of incomplete data showed no significant differences between the 2 groups with respect to individual, social, or school characteristics (Table 1) . Youth who were excluded were slightly more likely to be from families with a low level of education (P ¼ 0.04) and a low income (P ¼ 0.05) than those included in the study population.
Youth in the study population were aged 10-15 years (mean ¼ 12.5 years; standard error, 0.1). Seventy-two percent of youth reported performing well or very well at school (Table 1) . Eighty-three percent of youth were living with 2 parents, 75% were from families with at least some postsecondary education, and 53% lived in families with an annual household income of Can$60,000 or more. Seventy-four percent of the youth attended a public nonreligious school. Seventy percent often/always worked well together at school, and 83% understood school rules and policies.
Distribution of single and multiple chronic disease behavioral risk factors
Fifty-seven percent of these Canadian youth were physically inactive (Table 2 ). Fifty percent of them engaged in sedentary behavior, 26% were ever smokers, 24% were ever drinkers, and 23% were overweight/obese. Females were significantly more physically inactive than males (P < 0.001), while males were significantly more likely to be overweight/obese than females (P ¼ 0.002).
Twenty-six percent of the youth had 3 or more risk factors (Table 2) . Thirty percent had 2 risk factors, 32% had 1 risk factor, and 12% had none of the 5 behavioral risk factors. The prevalence of multiple behavioral risk factors did not differ by sex (P ¼ 0.08).
Correlates of multiple chronic disease behavioral risk factors
Univariate analyses. Among the individual characteristics, being aged 12-13 years, being aged 14-15 years, and having higher anxiety scores were associated with the presence of multiple behavioral risk factors (Table 3 ). In contrast, youth with high self-esteem and youth with high academic performance were less likely to have multiple behavioral risk factors.
Of the 9 selected social characteristics, 7 were related to multiple behavioral risk factors in the univariate analyses. Specifically, living in a lone-parent family, PMK smoking, and having reported that a few or most/all of one's peers smoked or drank increased the odds of having a higher number of risk factors. In contrast, youth from families with a postsecondary education and a household income of Can$90,000 or more, as well as youth who perceived a good parental relationship, were less likely to have a higher risk factor level. None of the school-related characteristics were associated with multiple behavioral risk factors.
Multivariate analyses. In the final multivariate ordinal logistic regression model, 7 variables were found to be associated with multiple behavioral risk factors (Table 4) . Among the individual characteristics, age and self-esteem were associated with behavioral risk factor levels. Specifically, youth aged 14-15 years were 1.95 times more likely to have multiple risk factors than those aged 10-11 years (95% confidence interval (CI): 1.21, 3.13). Self-esteem was d Cumulative odds ratio from univariate ordinal logistic regression analyses. e Confidence interval from univariate ordinal logistic regression analyses. f P value from a chi-squared test or analysis of variance. All tests were 2-sided. g Anxiety was assessed using a global score ranging from 0 to 14, with higher scores indicating the presence of greater anxiety. h Self-esteem was assessed using a global score ranging from 0 to 16, with higher scores indicating positive self-esteem. i The parent-child relationship was assessed using a global score ranging from 0 to 28, with higher scores indicating a better relationship between parents and child.
j Peer-child relationships were assessed using a global score ranging from 0 to 16, with higher scores indicating a better relationship between the child and his/her peers.
k Supportive environment was assessed using a global score ranging from 0 to 20, with a higher score indicating a highly supportive school environment.
l Disciplinary climate was assessed using a global score ranging from 0 to 16, with a higher score indicating the presence of a strong disciplinary climate in the school.
DISCUSSION
This study assessed correlates of multiple chronic disease behavioral risk factors in Canadian youth aged 10-15 years. Among the individual characteristics considered in this study, older age, particularly being aged 14-15 years, was associated with the presence of multiple behavioral risk factors. This finding is consistent with 3 studies conducted among American youth aged 10-16 years (6, 7, 15) , as well as studies conducted in the United Kingdom (13) and Spain (14) , where youth aged 16-24 years were more likely to have multiple behavioral risk factors than older adults. These data suggest that adolescence is a critical period in which youth begin to engage in multiple adverse health behaviors. Our results also suggest that youth with high self-esteem are less likely to have multiple behavioral risk factors. Indeed, several studies have shown that high selfesteem is associated with regular physical activity (41), lower smoking rates (42) , and lower body weight (43) among youth. High self-esteem is believed to contribute to overall health by mediating the relation between stress and psychological adjustment (44) and by enhancing one's capacity to cope with behavioral problems and interpersonal relationships (45) .
The associations observed in this study between family and peer characteristics and multiple behavioral risk factors highlight the importance of the social environment in determining health behaviors (16, 46) . First, living in a loneparent family was associated with increased odds of having multiple behavioral risk factors. This finding corroborates results of 4 studies in which youth from lone-parent families were found more often to be physically inactive (47) , to be obese (48) , to smoke cigarettes (49) , and to watch television (50) than youth living with 2 parents. Indeed, it has been shown that youth living in lone-parent families experience less parental support and bonding, which are important factors in adolescent development and may protect against unhealthy behaviors (51) .
Youth from families with a postsecondary education were less likely to have a higher number of risk factors. We also found a univariate association between high household income and multiple behavioral risk factors which disappeared in multivariate analyses. This is in agreement with at least 2 other studies (14, 52) in which education rather than income was found to be associated with multiple behavioral risk factors. This may be because education is a more stable and more accurate indicator of socioeconomic status than income (53) . Since youth from families with a low educational level may be less informed about lifestyle risk factors and their potential consequences, special prevention efforts may be required for low socioeconomic status families.
Youth whose caregivers reported being smokers were more likely to have multiple behavioral risk factors. In addition, having friends who smoked cigarettes or drank alcohol was strongly associated with the presence of multiple risk factors. This is consistent with existing evidence from a study of multiple lifestyle risk factors among American youth (6) and several studies investigating the associations between parental (or peer) risk factors and youth risk factors, such as physical inactivity (47) , cigarette smoking (17), alcohol drinking (54) , and obesity (55) . These findings emphasize the influence of parents and peers as role models and in providing social support for behavior and for shaping outcome expectations among youth, as suggested by the social cognitive theory (46) .
Although the school environment may have an impact on specific lifestyle risk factors (56) , none of the school characteristics considered in this study were associated with c Confidence interval derived from multivariate ordinal logistic regression analysis.
d Anxiety was assessed using a global score ranging from 0 to 14, with higher scores indicating the presence of greater anxiety.
e Self-esteem was assessed using a global score ranging from 0 to 16, with higher scores indicating positive self-esteem. multiple behavioral risk factors. To our knowledge, no study has yet assessed the potential relations between school characteristics and multiple behavioral risk factors in either children or adolescents. This makes it difficult to compare the results of this study with those of other relevant reports. Nevertheless, several studies have linked characteristics of the school climate, such as attitudes about discipline (57), school health promotion policies, and school rules (58) , with cigarette smoking (21) and alcohol consumption (58) and have linked school physical education programs with physical inactivity (59) and obesity (60) . In contrast, other studies have found weak associations (61) or no associations (62) between school characteristics and single lifestyle risk factors. These divergent findings emphasize the need for more research on the effect of school characteristics on behavioral risk factors among youth.
Limitations of this study include its cross-sectional nature, which precludes our making causal claims. Some measurement bias may have occurred. First, the physical activity questions did not measure the intensity or duration of activities. Although objective measures are preferred, the questions used herein were previously validated using a field measure of aerobic fitness (26) . Second, our measure of sedentary behavior included only television and video viewing. Because other types of sedentary activities (such as computer use or computer games) were not assessed, the extent of sedentary behavior in our study may have been underestimated. Some investigators may not view body mass index as a behavioral risk factor; however, overweight is a risk factor for several chronic diseases, and its immediate determinants include several behaviors, including an imbalance between dietary energy intake and energy expenditure through physical activity. Furthermore, since we did not have information on dietary habits, the inclusion of body mass index may have partially reflected dietary practices. Height and weight were self-reported in the NLSCY. Although self-reported measures are strongly correlated with objective measures, females tend to underestimate their weight and males tend to overestimate their height, which may have led to underestimation of body mass index (63) . Other behaviors were also self-reported and hence subject to social desirability and recall bias.
Selection bias may have occurred in this study, mainly due to nonparticipation or the exclusion of subjects because of missing data. However, several methods were used to account for possible nonresponse errors, including weight adjustments to minimize the effect of errors due to total nonresponse. For partial nonresponse, characteristics of participants were compared with those of nonparticipants. Although no significant differences emerged from this comparison, differences between participants and nonparticipants beyond the reported characteristics and hence the potential influence of unmeasured variables on observed relations remain unknown. In addition, residual confounding remains possible, since other factors not included in the study could partly explain the observed associations between selected variables and multiple behavioral risk factors.
In this study, we aggregated the 5 risk factors to create a multiple risk factor index. To create this index, we dichotomized the behavioral risk factor values. Dichotomization may lead to loss of information and reduced statistical power. However, because the behaviors were measured on different scales, dichotomization using standard national/ international cutoff points was deemed appropriate. Finally, because of operational constraints, including a heavier-thananticipated workload, increased costs, and the respondent burden experienced during data collection, the school component of the NLSCY included only youth attending public schools. Therefore, the findings of this study may apply only to youth attending public schools.
The present study contributes new knowledge about correlates of multiple chronic disease behavioral risk factors among children and adolescents. In particular, the findings point to a range of individual and social variables which could be used as potential targets in lifestyle intervention strategies aimed at changing multiple behavioral risk factors among youth. Though more research is needed to determine the effectiveness of multiple behavioral interventions in primary prevention settings (64) , this study provides evidence that older youth, those with low self-esteem, those living in a lone-parent family or a family with low education, those whose parents/friends smoke cigarettes, and those whose friends drink alcohol may be the most at risk and might require special attention.
